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ABSTRACT. Dragonflies serve as essential predators in Integrated Pest Management (IPM). Nevertheless,
polymorphism, sexual dimorphism, and body color changes make dragonfly species identification difficult.
The application of the mitochondrial cytochrome c oxidase | (COI) gene to identify dragonflies is effective.
In the present study, COI gene sequences of thirteen species from the family Libellulidae were generated.
The COI gene sequences of twelve dragonfly species were 98% to 99% similar to the gene sequences of
their respective species, according to BLAST analysis. Only one species, Brachydiplax farinosa, did not
match significantly to any sequences in GenBank. Then, all thirteen sequences were submitted to GenBank,
where only B. farinosa's sequence was submitted for the first time. Using MEGAZ10 and BioEdit, a 569bp
COl gene fragment with 369 conserved sites, 200 variable sites, and 167 parsimony-informative sites was
identified. The average base composition of the COI sequences was 35.43% T, 17.65 % C, 29.83% A, and
17.07% G. While there was a significant AT bias (65.26%) among dragonfly species. Pairwise distance
analysis and phylogenetic tree was used to explore genetic diversity and evolutionary relationships among
dragonfly species. The thirteen dragonfly species had 0.119-0.231% interspecific genetic divergence. A
phylogenetic tree using the Neighbor-Joining (NJ) algorithm revealed two major clades, A and B, and
demonstrated that all dragonfly species shared a common ancestor. These two clades encompass all twelve
species, except Tholymis tillarga. Subsequently, a TCS haplotype network unveiled the genetic relatedness
of these thirteen dragonflies, with T. tillarga exhibiting the highest number of mutations (49) in the analysis.
T. tillarga has experienced significant genetic adaptation over time and could be an excellent model
organism to study numerous biological processes. In addition, this work also supports to build a complete
DNA barcode database in GenBank and uses DNA barcoding to identify thirteen dragonflies from
Bangladesh.
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INTRODUCTION

The insect order Odonata has two suborders, the Anisoptera and the Zygoptera, which
are composed of dragonflies and damselflies, respectively. The Libellulidae is one of the
largest family in the suborder Anisoptera. Libellulidae has 1035 species in 144 genera all
over the world, and Bangladesh has 49 species in 28 genera [1-7]. The wings of most
libellulids are brightly coloured and intricately patterned, and their hind wings typically
feature an anal loop. Some species are even able to thrive in brackish water and others in
water with low oxygen levels [8]. They serve as predators in aquatic and terrestrial
environments, where they prey on small insects such as moths, chironomid midges, and
beetles that are detrimental to various crops. Their nymphs feed on the larvae of numerous
species of mosquitoes, hence the name "mosquito hawks" [9]. Dragonflies are effective
bioindicators due to their ability to detect and rapidly respond to environmental changes
[10]. Thus, they necessitate particular habitat, and their presence reveals environmental
conditions [11].

Nonetheless, the characterization and identification of these dragonflies’ taxa are
essential to biomonitoring programmes in order to comprehend ecosystem health and
preserve dragonflies as potential bioindicators [12, 13]. However, the most difficult
aspect of these approaches is the correct identification of the dragonflies. This is because
dragonflies have polymorphic morphologies, which include differences in body size,
wing shape, and coloration, challenging to recognize individual species. Furthermore, the
presence of distinct colour differences between males and females in various anatomical
regions serves as exemplification of sexual dimorphism. One category of dragonflies that
display variations in body coloration are the newly emerged adult dragonflies, sometimes
referred to as "tenerals." These individuals often showcase hues that are somewhat
subdued and less vibrant in comparison to their fully developed counterparts [14].
Consequently, conventional identification techniques of dragonflies based on
morphology can be difficult and time-consuming, leading to misidentification. Moreover,
the colour patterns of these insects from different environments or regions may vary. In
this context, DNA barcoding using COI gene is a more accurate and effective method for
species identification that can reduce misidentification, improve biodiversity monitoring,
and facilitate evolutionary research [15-18]. In addition, the application of the COI gene
aids in the identification of cryptic species among dragonflies and allows for the
differentiation of genetically diverse populations [19-22].

Besides accurate identification, their unusual mating behavior and intricate
reproductive structure, dragonflies have been used as model organisms in numerous
ecological and evolutionary studies [23-28]. The construction of a phylogenetic tree based
on COI genes allowed researchers to better understand the origins and evolutionary
relationships of dragonfly species [29-33]. Furthermore, many Odonates families,
including the Libellulidae, could not resolve their phylogenetic positions [34]. Therefore,
the present study was carried out to generate the molecular marker, COI gene for species
identification for biodiversity monitoring and to study the phylogenetic relationship
among the species of Libellulids.
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MATERIALS AND METHODS
Sample collection

A total of thirteen dragonfly specimens were collected from diverse locations in
Bangladesh (Table 1). Following their collection in the field using an insect net, the
samples were dehydrated and enclosed in a small envelope to ensure their
preservation. To identify dragonflies, morphological keys developed by Fraser [35, 36,
37], Subramanian and Babu [5], Mitra [38] and Lahiri [39] were used. Brower [40]
provided the guidelines for the creation of voucher samples.

DNA extraction, amplification and sequencing

Following the protocol specified in the Wizard Genomic@ DNA Purification Kit,
genomic DNA was extracted from the legs of thirteen different dragonfly species. Primers
LCO 1490 (5'-GGTCAACAAATCATAAAGATATTGG-3') and HCO 2198 (5'-
TAAACTTCAGGGTGACCAAAAAATCA-3") were used for PCR amplification of COI
gene region. Q2 Green PCR Master Mix was used in an Applied Biosystems Veriti
thermal cycler to perform polymerase chain reaction. The PCR reaction mixture
comprised the following components: 10 pl of 2x master mix, 1 pl each of forward and
reverse primers (10 pM), template DNA (amount dependent on the quantity of extracted
DNA), and 7 pl of water that is free of nuclease, for a total volume of 20 pl. The process
began with a 5-minute stage of initial denaturation at a temperature of 95°C. This was
followed by 35 cycles consisting of a 30-second denaturation at 95°C, a 30-second primer
annealing at 49°C, and a 45-second primer extension at 72°C. The cycle ended with a
concluding extension step at a temperature of 72°C for a duration of 5 minutes. The
evaluation of the amplification's effectiveness was achieved by utilizing 1% agarose gel
electrophoresis under UV light conditions, using a Bio Analyzer. The amplified product
underwent sequencing analysis on an ABI 3500 sequencer.

Genetic distance and phylogenetic analysis

Chromas 2.6.2 was utilized to modify the sequences of these thirteen species of
dragonflies. A ClustalW multiple alignment program integrated into BioEdit version 7.0
was utilized to align the assembled sequences [41]. In this study, the Kimura 2-Parameter
(K2P) model was employed in conjunction with the MEGA10 software to calculate and
summarize nucleotide compositions, as well as to estimate pairwise distances [42, 43].
By employing 1000 bootstrap replications, a phylogenetic tree was constructed using the
Neighbor-joining (NJ) method in MEGA10 [43, 44]. Aedes aegypti (OP942188) was
utilized as an out group in the phylogenetic analysis. Furthermore, the inclusion of
additional genes from the GenBank database was undertaken for the purpose of enhancing
the study, as depicted in Figure 1.

RESULTS AND DISCUSSION

In the current investigation, mitochondrial COIl gene sequences (mtCOIl) spanning
around 636 bp were generated from thirteen different species of dragonflies that belong
to the family Libellulidae. The BLAST analysis revealed that the COI gene sequences of
these dragonflies were 98% to 99% similar to the gene sequences of their respective
species. The only species that didn't have a strong similarity was B. farinosa, whose
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sequences didn't match any in the GenBank database. After that, all thirteen sequences
were submitted to GenBank, and received accession numbers (Table 1). The sequence of
B. farinosa was the only one that was submitted for the first time in the GenBank

database.

Table 1. Sequenced species and GenBank accession numbers for COI genes

Sl Scientific name Geo location Voucher no. Accession no.
01 Acisoma panorpoides 23.87442 N 90.26814 E = DRBV 0037 MN689142
02 Brachydiplax chalybea 23.87442 N 90.26925E DRBV 0032 MN689144
03 Brachydiplax farinosa  23.87742 N 90.26981 E DRBV 0033 MN689143
04 Brachydiplax sobrina 23.87247 N 90.26667 E  DRBV 019 MH019981
05 Bradinopyga geminata 23.87414 N90.26731E  DRBV 044 MHO019980
06 Neurothemis fulvia 23.87414 N 90.26731E  DRBV 015 MHO019979
07 Neurothemis tullia 23.8758 N 90.2683 E DRBV 039 MH019982
08 Orthetrum glaucum 23.87614 N 90.26475E DRV 028 OR287446
09 Orthetrum sabina 23.87274 N 90.26757E  DRBV 029 MF784360
10 Rhodothemis rufa 23.8758 N 90.2683 E DRBYV 022 MH019983
11 Tramea basilaris 23.87500 N 90.26472 E DRBV 0046 MK779169
12 Tholymis tillarga 23.87500 N 90.26472E  DRBV 012 MHO019978
13 Trithemis pallidinervis ~ 22.50272 N 92.15281 E =~ DRV 020 OR287444

Nucleotide analysis of COI gene

BioEdit and MEGAL0 were used to evaluate the COI gene sequences, and the results
revealed a 569 bp COI gene fragment with 369 conserved sites, 200 variable sites, and
167 parsimony-informative sites (Table 2). The majority of changes were seen at the
second codon position. In Table 2, it is seen that out of the informative sites, 54 were
ranked in the first position, 65 were ranked in the second position, and 48 were ranked in
the third position. Generally for other protein-coding genes, the majority of variants were
observed at the third codon position [45]. The current investigation demonstrated
differences occurring at the second codon positions. In phylogenetics, the sequence
analysis of these three different sites is crucial for understanding the evolutionary
relationships among organisms [46]. Among these three sites, parsimony-informative
sites are a subset of variable sites that exhibit different nucleotides or amino acids in such
a way that they help to resolve the branching pattern in a phylogenetic tree with minimal
evolutionary changes [47]. An analysis of the COI sequences' average base compositions
revealed the following values: 35.43% thymine (T), 17.65% cytosine (C), 29.83%
adenine (A), and 17.07% guanine (G) (Table 2). A substantial bias was observed for the
adenine-thymine (A+T) base pair, which made up 65.26% of all base pairs. The adenine-
thymine (A+T) content of the first, second, and third codon positions of the cytochrome
¢ oxidase subunit I (COIl) fragment was found to be 58.38%, 86.03%, and 51.32%,
respectively (Table 2). It is important to note that the degree of A+T bias can vary
substantially between organisms and genomic regions. In order to better understand the
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biology and evolution of organisms, as well as to gain insight into the functional
significance of particular genomic regions, researchers frequently examine these biases.
In this context, Simon et al. [48] discovered that insect mitochondrion genomes are
typically highly A+T biased, as in the present study. In addition, previous studies on the
mitochondrial genomes of Drosophila yakuba (78.6%) and honey bees (84%) are
consistent with the current investigation's findings (65.26%) (Table 2) [49, 50].

Table 2. Basic statistics for COI gene sequences in thirteen dragonfly species

Position No. of No. No. No. Statistical base frequencies

Sites Conserved Variable Parsimony (%) AT

Sites Sites Informative T C A G %

AI.I 569 369 200 167 3543 1765 29.83 17.07 65.26
Positions

FIst 190 128 62 54 4417 2684 1421 1477 58.38
Position

second 490 11 74 65 3927 8.62 46.76 0534 86.03
Position

Th.'fd 189 125 64 48 22.79 1750 2853 31.17 51.32
Position

Analysis of genetic distance

With the help of the MEGA10 programme, the pairwise distance was determined.
Thirteen sequences of Libellulidae dragonflies had genetic distances ranging from 0.119
to 0.231% (Table 3). The lowest genetic distance (0.119%) was found between
Rhodothemis rufa and Acisoma panorpoides. While the highest genetic distance (0.231%)
was found between Tramea basilaris and Neurothemis fulvia (Table 3). Most animals
showed intraspecific divergences are rarely greater than 2%, and most are less than 1%
[51, 52]. In the present study, low interspecies divergence was observed, (0.119% to
0.231%), which indicates interspecies hybridization [45]. Interspecies hybridization is a
well-known phenomenon in many insects, including dragonflies [53, 54]. The factor like
genetic similarity contributes to hybridization in dragonflies and influences the genetic
diversity of dragonfly populations [55]. Moreover, environmental factors like habitat
heterogeneity and climate change can influence dragonfly genetic divergence [56, 57].
Understanding these factors is crucial for effective conservation and management of
dragonfly populations as well.
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Table. 3. Percentage pairwise distances among thirteen dragonfly species

1

2

3

4

5

6

7

8

9

10

11

12

01. Acisoma panorpoides

02. Brachydiplax chalybea  0.171
03. Brachydiplax farinosa 0.182 0.179
04. Bradinopyga geminata 0.184 0.185 0.186
05. Brachydiplax sobrina 0.183 0.184 0.142 0.160
06. Neurothemis fulvia 0.197 0.215 0.192 0.198 0.189
07. Neurothemis tullia 0.185 0.191 0.210 0.189 0.192 0.154
08. Orthetrum glaucum 0.151 0.177 0.147 0.155 0.172 0.192 0.191
09. Orthetrum sabina 0.174 0.191 0.170 0.166 0.163 0.195 0.192 0.123
10. Rhodothemis rufa 0.119 0.182 0.206 0.154 0.193 0.215 0.200 0.176  0.189
11. Tramea basilaris 0.146 0.200 0.178 0.156 0.185  0.231 0205 0.176 0.195 0.162
12. Tholymis tillarga 0.176 0.195 0.182 0.179 0.193 0.200 0.204 0.168  0.185 0.195 0.202
13. Trithemis pallidinervis ~ 0.154 ~ 0.211  0.159 0.146 0.158 0.203 0.185 0.137 0.140 0.167 0.163

0.164

Phylogenetic analysis

The neighbor-joining (NJ) phylogenetic tree constructed from the COI gene sequences
of the thirteen dragonflies revealed that all thirteen species were monophyletic entities
with a common ancestor (Fig. 1). A and B are the two principal clades disclosed by the
phylogenetic tree. In the present study, the bootstrap value among all thirteen species with
their corresponding species from different geographic origins was 99, indicating their
close genetic relationship (Fig. 1). Within Clade A, there were four species, which were
composed of A. panorpoides, R. rufa, T. basilaris and B. geminata. Among these species,
83 bootstrap value revealed a strong relationship between A. panorpoides and R. rufa. On
the other hand, T. basilaris demonstrated a moderate bootstrap value of 69 with A.
panorpoides and R. rufa. While A. panorpoides, R. rufa, and T. basilaris provided weak
support for B. geminata.

Then again, Clade B consisted of eight species, which included N. fulvia, N. tullia, B.
chalybea, B. sobrina, B. farinosa, O. sabina, O. glaucum, and T. pallidinervis. Among
them, N. fulvia and N. tullia demonstrated a strong relationship, having a bootstrap value
of 98. Conversely, B. chalybea exhibited a bootstrap value of 37, indicating a lower level
of support with N. fulvia and N. tullia. Whereas B. sobrina and B. farinosa demonstrated
a robust correlation with a bootstrap value of 71. The relationship between O. sabina and
O. glaucum is moderate, with a bootstrap value of 68. On the other hand, a weak support
exists among T. pallidinervis, O. sabina, and O. glaucum. In addition, T. tillarga is
located far apart from both clades, with a bootstrap value of 34, suggesting a different
genetic composition from the species of 2 other clades. There has been much debate over
the precise phylogenetic location of the Odonata within the evolutionary arrangement of
its member families, despite a rich fossil record and a large number of relatively recent
phylogenetic analyses [58-64].

Dragonflies belonging to the family Libellulidae are involved in the assessment of
phylogenetics and evolutionary history across various geographical regions [65].
According to a study by Nisar et al. [65], a phylogenetic analysis of ten species of
dragonflies using the mitochondrial gene (12S rRNA) identified two groups whose
pattern of results supported our findings. Laltanpuii et al. [66] conducted another analysis
on eighteen genera under Libellulidae that include Trithemis, Neurothemis, Tramea as

323



Ghosh et al.: Mitochondrial COI gene-based molecular identification and phylogenetic analysis in thirteen Dragonflies (Odonata:
Libellulidae) of bangladesh

well as Orthetrum and found that they formed monophyletic groups. Our findings align
with this conclusion, except T. tillarga, which was found to be distantly located than two
clades on the tree (Fig. 1). Although Bangladesh is home to forty-nine species of
Libellulidae, only thirteen species of COI gene were generated for phylogenetic analysis
in the present study [1-4]. A thorough phylogenetic analysis is required in order to acquire
a complete understanding of the evolutionary processes and interrelationships among
various species of Libellulidae. This will necessitate future research involving a greater
variety of loci and species.

93 [ Acisoma panorpoides Bangladesh (MN689142)
83 Acisoma panorpoides India (KT879899)
& Rhodothemis rufa Bangladesh (MH019983)
99 ' Rhodothemis rufa India (OK083604)
17 1 Tramea basilaris Bangladesh (MK779169)
93| Tramea basilaris India (MK038728)
| Bradinopyga geminata Bangladesh (MH019980)
99 - Bradinopyga geminata India (KM245283)
99 — Neurothemis fulvia Bangladesh (MH019979)
98 L Neurothemis fulvia India (KP835515)
2% r Neurothemis tullia Bangladesh (MH019982)
33 L Neurothemis tullia India (MZ771200)
[ Brachydiplax chalybea Bangladesh (MN689144)
93l — Brachydiplax chalybea India (KC287156)
99 1 Brachydiplax sobrina Bangladesh (MH019981)
L Brachydiplax sobrina India (KT879903)
Brachydiplax farinosa Bangladesh (MN689143)

3 99 1 Orthetrum sabina Bangladesh (MF784360)
63 Orthetrum sabina India (ON248239)
r Orthetrum glaucum Bangladesh (OR287446)
93 - Orthetrum glaucum India (MZ087263)
Trithemis pallidinervis Bangladesh (OR287444)
99 * Trithemis pallidinervis India (MK038734)
| Tholymis tillarga Bangladesh (MH019978)

93 Tholymis tillarga India (MZ127380)
Aedes aegypti (OP942188)

Clade A

Clade B

il

0.050

Fig. 1. The Neighbor-Joining tree of the thirteen dragonflies is based on partial
sequences of the mitochondrial COI gene. A. aegypti was used as the outgroup.

Haplotype network

The TCS haplotype network of the mitochondrial COIl gene in thirteen dragonflies
revealed the mutational links between them (Fig. 2). The highest number of mutated sites
(49 steps) among all dragonflies showed in T. tillarga indicating that this taxon’s genetic
makeup is different. T. tillarga and B. geminata separated from its immediate common
ancestor by 49 and 40 mutational steps, respectively. These two species were separated
again from T. pallidinervis by 33 mutational sites. Besides T. tillarga, the highest number
of mutation occurs in N. fulvia, B. chalybea and T. basilaris, whose number is 40, 47 and
42 respectively. While B. sobrina and B. farinosa diverged from their closest common
ancestors by 42 and 31 mutation steps, respectively (Fig. 2).
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Nonetheless, in the present study, the highest number of mutations in T. tillarga, along
with being distantly positioned on the phylogenetic tree, could be a sign of adaptation to
specific ecological niches or environmental conditions (Fig. 1, 2). This signifies that this
species has undergone more genetic changes over time as indicated by mutation rates,
potentially due to various factors such as environmental cues, adaptation, and genetic
diversity [67]. In a study, Futahashi et al. [68] disclosed that the genomes of certain
dragonfly species contain as many as 33 distinct opsin genes. Although this does not
necessarily imply that they possess the ability to perceive 33 distinct colours, the presence
of excess copies of certain genes could facilitate evolutionary advancements and
modifications to these genes without jeopardising their colour vision due to mutations
[68]. Further analysis would be needed to understand the specific implications of this
mutation pattern in the context of the study for T. tillarga.

Finally, the current investigation establishes a comprehensive DNA barcode database
for the accurate identification of the thirteen species of dragonflies from Bangladesh.
Genetically distinct from the other species examined, T. tillarga may also serve as a useful
model organism for future research into a variety of biological phenomena, from color
vision to controlling pest insects.

Bradinopyga_geminata

Tholymis_tillarga

Orthetrum_sabina

Orthetrum_glaucum

33)

Brachydiplax_fari
Trithemis_pallidinervis achydiplax_farinosa

Brachydiplax_sobrina

Neurothemis_fulvia

Neurothemis_tullia

Brachydiplax_chalybea Acisoma_panorpoides

35)

Tramea_basilaris

Rhodothemis_rufa

Fig. 2. Mitochondrial COI gene-based TCS haplotype network of thirteen dragonflies.
The haplotype is symbolized by large circles, while the immediate common ancestors
are represented by small circles. The numbers present mutational steps.
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CONCLUSION

The current investigation involved the synthesis of COI gene sequences from thirteen
species belonging to the Libellulidae family. Based on BLAST analysis, twelve dragonfly
species’ COI gene sequences were 98% to 99% identical. The only species without a
GenBank match was B. farinosa. All thirteen sequences were submitted to GenBank
database, where B. farinosa’s submission was the first. Then characterization of the COI
gene is performed where there was a significant AT bias (65.26%) among dragonfly
species recorded. Genetic diversity and evolutionary links among dragonfly species were
examined using pairwise distance analysis and phylogenetic tree. The thirteen dragonflies
diverged 0.119-0.231% genetically. A Neighbor-Joining (NJ) phylogenetic tree showed
two major clades and that all dragonfly species shared a common ancestor. These two
clades include all twelve species except T. tillarga. The genetic relatedness of these
thirteen dragonflies was revealed via a TCS haplotype network, with T. tillarga having
the most mutations. This result suggests that T. tillarga has experienced significant
genetic adaptation over time and may serve as a useful model organism for future research
into numerous biological events. Furthermore, forthcoming investigations in the field of
molecular taxonomy may utilize current findings to identify dragonfly species and unveil
a more profound evolutionary connection within the Libellulidae family.
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